The aim of this work is to study the effect of the physicochemical environment on in vivo distribution of amphotericin B, which was prepared in acetic acid/acetate buffer pH 5.4 at a concentration of 10 -4 M. Rats were injected intraperitoneally with this antifungal solution at the doses of 1, 2 or 5 mg/kg body weight. At predefined time, amphotericin B from tissues and plasma was extracted and analysed using the second derivative spectrophotometry methodology. The level of amphotericin B in tissues and plasma depended on the administered dose and decreased over a period of time. The highest concentrations were found in the spleen, followed by the liver, but were lower in kidneys and plasma. Amphotericin B was accumulated in the intraperitoneal cavity (the peritoneal adipose tissue) in large quantities proportional to the dose administered intraperitoneally. This formulation has the advantage of being easy to prepare and inexpensive, it seems very promising for the treatment of fungal infections of spleen and peritoneal cavity.
Amphotericin B remains the reference treatment for invasive fungal infections, recommended by guidelines for the treatment of haematogenous candidiasis at least till 2000 [1] . The conventional amphotericin B deoxycholate formulation has been available since 1958, but this preparation has a wide variety of acute and chronic side effects; nephrotoxicity being the main effect limiting its administration to 1 mg/kg/d [2] . This toxicity is suggested to be related to its low solubility in water, its interactions with cholesterol of the plasma membrane and its oxidative activity on human cells and on blood proteins [3, 4] . In liquid media, amphotericin B molecules can adopt several different dispositions. They can stay freely separated forming true dissolutions (amphotericin B is presented in monomeric form), or assemble to macromolecular structures known as oligomers and poly-aggregates [5] .
Both the therapeutic action and the toxic side effects of this drug are dependent on its molecular association [6] . The proportion of each association form has been shown to depend on different factors, such as amphotericin B concentration [7] , the variations on the pH conditions during the formula preparation procedure [6] , or even the temperatures they have been exposed too [8] . Amphotericin B prepared in an acetic acid/acetate buffer (100 mM) pH 5.4 at a concentration of 10 -4 M, showed an improvement of the therapeutic index of this polyene, this has been proven in vitro on fungal cells (Candida albicans), on human cells (red blood cells), and in vivo in rats [9, 10] . This strategy has the advantage of being easy to access, inexpensive, and provided more effective and less toxic formulations for intensive use in poor countries. For these reasons, it is important to study the effect of these conditions during the formula preparation on in vivo distribution of amphotericin B, because the antimycotic activity in vivo probably depends also on the amphotericin B concentration at the site of infection. In this study, in addition to determining amphotericin B levels in plasma and peritoneal adipose tissue, kidneys, liver, and spleen levels have also been included because these tissues are often the target organs of C. albicans infection [11] . Kidneys have been the principal organs where toxic effects of amphotericin B are expressed [11] .
MATERIALS AND METHODS
Our study was done using UV/Vis spectrophotometer (Specord ® 200 plus, Analytik Jena), 10 mm pathlength quartz cells, a sonicator (Sonics,Vibra-Cell), a Polytron ® homogenizer (PT1600 E, Kinematica) and a refrigerated table-top centrifuge (2-16PK, Sigma ® ), Ultra water purification system (aquaMAX TM -Ultra 370 series, Young Lin, Korea). The reagents used were acetonitrile (Prolabo: analytical grades), dimethyl sulfoxide (DMSO, Guaranteed analysis Assay GC Sigma Aldrich), methanol (Laboratory Reagent ≥99.6%, Sigma Aldrich), acetic acid, sodium acetate trihydrate (Guaranteed analysis Riedel-de Haën) and amphotericin B (Sigma Aldrich).
Healthy adult male and female Wistar rats obtained from the Pasteur Institute of Algeria (200-300 g body weight), were used. They were housed under conventional conditions, at a temperature of 24±2°, relative humidity of 50-60% under a 12 h light and dark cycle. A standard commercial rodent diet and tap water were given ad libitum. The animals were handled according to the ethical recommendations for use of laboratory animals universally recognized. The rats were given amphotericin B buffered solution as a single intraperitoneal dose of 1 or 2 or 5 mg/kg. Rats were sacrificed by chloroform inhalation on days 1, 2, 7 or 14 after drug administration.
Antifungal solution:
Amphotericin B was dissolved in DMSO to obtain a stock solution of the concentration 10 -2 M, which was further diluted to 10 -4 M in acetic acid/acetate buffer (100 mM, pH 5.4). All antifungal solutions were kept at ambient temperature and away from light until injection.
Determination of amphotericin B concentration in tissue and plasma:
Amphotericin B from tissue samples was extracted using a method described by Mayhew et al. [12] , and from plasma using the method described by Monteil et al. [13] with some modifications. Animals were sacrificed, liver, spleen and kidneys were removed and weighed. Two milliliters of pure methanol was added to 1 g of tissue and the mixture was vortexed for 2 min, subsequently homogenized for 2 min at high speed and sonicated under 90% amplitude for 15 s, all in a glacial water bath. The homogenate was then centrifuged at 3500 g for 30 min. After re-extraction of the pellet, the supernatants were pooled and the final volume was adjusted to 5 ml with methanol. Aliquots of the extracts were further clarified by centrifugation at 12 800 g for 15 min just before the spectrophotometric analysis. Methanol was used as the blank.
Blood was collected in heparinized tubes. After centrifugation the assay was performed on plasma. The standards and rats samples were both subjected to the deproteinization procedure which was as follows; 1 ml plasma sample was combined with 2 ml of acetonitrile and vortexed for 30 s. After centrifugation at 2000 g for 1 min at 10°, the supernatant was used for spectrophotometric analysis. A reagent blank was prepared by addition of 2 ml of acetonitrile to 1 ml of ultra-pure water. All tubes were protected from light.
A stock standard solution (500 mg/l) was prepared in a mixture of DMSO and methanol (1:1 v/v). Immediately before use, this solution was diluted in ultra-pure water to yield a working solution at 25 mg/l. The calibration standards containing (0, 1.25, 2.50, and 5.0 mg/l) of amphotericin B were prepared by diluting the working solution of amphotericin B with free rats plasma, and (0, 0.75, 1.5, 2.25 and 3 mg/l) with tissue extract. The recovery was studied in tissues to which known quantities of the drug were added before homogenization (before extraction) and in which the drug was added to methanol extracts of tissue homogenates (after extraction).
Spectrophotometric analysis:
Absorption spectra were measured by a spectrophotometer in the wavelength range 320 to 450 nm, at a speed of 2 nm/s and ∆λ of 0.5 nm. The second order derivative spectra were traced using Analytik Jena WinAspect Plus 4.0.0.0 software, according to Savitzky-Golay with a value 25 as base points, respectively. The amplitudes were calculated in each spectrum by reading the minimum value between 404 and 409 nm.
Statistical analysis:
Statistics for comparisons of tissue drug concentrations were performed using Kruskal-Wallis followed by the two-tailed Mann-Whitney test if significant. P<0.05 was considered significant. The bar in the graphs indicates the median value.
RESULTS AND DISCUSSION
The low toxicity observed with amphotericin B buffered formulation (acetic acid/acetate buffer, pH 5.4, 10 -4 M) was due to the antibiotic screening by the acetate ions of the buffer, without reorganization of amphotericin B self-association [9] . This in vitro study should be extended to in vivo studies, such as monitoring this preparation in tissues and plasma after its injection in rats. The initial step in our study was to create a calibration curve and to determine the recovery of the antifungal in plasma and tissue extracts of rats spiked with amphotericin B at different concentrations. Table  1 showed the linear regression equation, correlation coefficient (r 2 ), and the recovery (%).
The correlation coefficient for each biological material was found to be close to 99%, which confirm the linearity of the method over the concentration range considered. The recovery of amphotericin B was more than 80% these values show that the method of amphotericin B extraction from tissue and plasma was effective. These results are in agreement with those of previous studies using the UV/Vis methods for the determination of amphotericin B in biological material [13, 14] . Fig. 1 showed the data of amphotericin B concentrations in plasma of rats injected intraperitoneally with 1 or 2 or 5 mg/kg of amphotericin B prepared in the buffered system, at various time intervals post injection. Amphotericin B concentrations were lower and decreased faster in plasma. This was attributed to its poor solubility in an aqueous solution and to the screening of the positively charged aggregated antibiotic by the negatively charged acetate ions of the buffer. The pharmacokinetics and tissue distribution of amphotericin B-laden liposomes are strongly affected by their physico-chemical properties, such as the surface electrical charge [15, 16] . Positively charged and neutral liposomes have a slower circulation in blood, compared to those, which are negatively charged [17] .
Amphotericin B was found in all compartments (liver, spleen, kidneys and the peritoneal adipose tissue), the highest levels of amphotericin B were found at the first day post injection, followed by a gradual decrease over the time. After day 1, a homogeneous distribution of amphotericin B in the organs of rats injected with the lowest dose of 1 mg/kg was observed while a significant differences in organ distribution were found in animals given 2 mg/kg (P<0.05) and 5 mg/kg (P<0.05), where the vast majority of amphotericin B was concentrated in the spleen followed by liver while very little in the kidneys ( fig. 2 ). This distribution pattern was maintained even at 2 d post injection, after which the level of amphotericin B started to decrease ( fig. 3 ). or 2 mg/kg, but in the rats, which received 5 mg/kg significantly higher levels were accumulated (P<0.05) and these levels lasted up to 7 d post treatment (figs. 2-5).
Amphotericin B prepared in acetic acid/acetate buffer, pH 5.4 displayed higher penetration into the spleen, cavity (adipose tissue) amphotericin B showed a similar pattern as found in the spleen, that it was trapped in this compartment at considerable quantities, which were proportional to the dose administered intraperitoneally. The amount of amphotericin B increased on day 2 but was not statistically significant in rats treated with 1 hepatic toxicity. Amphotericin B's remarkable highest concentrations in the peritoneal cavity, appears highly appropriate for treating fungal peritonitis.
which would likely serve to reduce the risk of hepatic cell damage that could have caused by higher hepatic levels of amphotericin B because some experimental data suggested that it might interfere with the hepatic cytochrome P450 and may have an influence on the metabolic capacity of the liver [18] , these results are compatible with the those of NIKI and collaborators [19] , the highest concentrations were found in the spleen and liver; and lower in kidneys and in serum, after administration of amphotericin B-deoxycholate by similar route. However, the bulk of amphotericin B of lipid formulations (liposomal and colloidal preparation) was found in the liver [20, 21] .
The results of Belkherroubi et al. [10] showed that urea and creatinine levels in the blood are not disturbed, indicating that the renal function was not affected when amphotericin B prepared in 10 -4 M acetic acid/ acetate buffer, pH 5.4 was administered. According to our data this could be due to the fact that lower levels were found in the kidneys. Boswell et al. [20] reported that treatment with liposomal formulations resulted in lower concentrations in kidneys with significantly less nephrotoxicity than conventional amphotericin B therapy.
The retention of amphotericin B in the spleen, in the peritoneal cavity and in the kidneys after administration of a single dose of 5 mg/kg intraperitoneally can be considered as a way for the treatment of fungal infection in these tissues and avoid the injection of multiple doses for up to 2 w, more especially for the treatment of fungal peritonitis which is a potentially fatal complication of chronic peritoneal dialysis, associated with high morbidity and mortality ranging between 20 and 30% [22] . Furthermore the peritoneal concentrations of amphotericin B after administration of conventional or lipid formulations were similar or lower than the minimum inhibitory concentration (MIC) for the most relevant pathogens. This may increase the risk of treatment failure in fungal peritonitis [23] .
Amphotericin B is the gold standard for the treatment of systemic fungal infections. This study attempts to provide more clarity about the influence of the physicochemical environment on in vivo distribution of amphotericin B prepared in acetic acid/acetate buffer at pH 5.4. The improvement in the therapeutic index of this drug by simple modification of the molecular composition, pH of the environment surrounding amphotericin B with peritoneal injection, resulting in a greater affinity to spleen cells, reduced levels in the liver and especially in the kidneys with lower renal and
